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D.. C0'
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fDefens* Analyses

Critical Technologies-i
: EMaterials

L'FORLIGN Assnssmsnr CENTER‘ ..;;g:s

NTRAL INTELLIGENCE AGENCY
| ;. Washington,

Semiconductorjn’

g

discussion of‘the capabilities of the

USSR and East‘Furopean countries to manufacture semiconductor -

production: eqhipment and materials.
the format of! your request.; l

special controls on the attachment. |
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e|past five year

8 the USSR has

n| and state-of-the-art of microcircuits.

Progress has 'been

i
i

fastast ‘in the areas of design and fabrication,

slowest in the' development of equipment for manufacturing and
,festing;ﬂahaNinﬁﬁﬁeﬂinstallation of iproduction capacity for

‘materials.)! To'a 'major extent Soviet progress was imade possible
by the successful jacquisition of impressive amounts of Western

ifacturing. and test equip
process./i The'iSoviets re

materials’ covering.most of the material’ inputs, and of manu-

ment [for nearly every manufacturing
main isignificantly dependent upon the

West for manufacturing ‘technology. and are likely to remain
.. dependent well into.the 1980s. I A
P i T e AR N i - | L , ;

B SN I S Co P P . : :
I Z.fi_ngéastérn”Europd only East Germany appears to have .
mounted a inajor effort to develop production equipment for advanced
microcircuits’. Developments of major significance include mask-
‘making and;lithography equipment - and electron beam technology

for thin film:deposition.

In these areas, East Germany is more

. advanced than the
- ‘a’ major expansion

USSK. | East Germany has indicated plans for
of silicon ‘production capacity, possibly to

N

. USSR and Eastern Europe is unbalanced.

serve Soviet needs since recent evidence indicates that the

 Soviets have! been lpressuring East Germany to assume a larger role
. in supporti?d(the'Soviet'semiéonductor-industry;li:j o ‘
PO 1 (| F LI S TR PR i 3 I P O

3. Generally, progress in microcircuit technology in the
, Many gaps persist over .
the full range of microcircuit manufacturing materials and equip-

" 'ment, which are not;filled by the USSR or any other CEMA country.
. - These gaps.-can be lexpecte.l to soon increase the need for Western
- 'material and.equipment as the USSR is abcut to enter large scale

productionﬂbﬁ;LSIﬁdfviceSJ
coe 4;“*1t{§o110ﬁsﬁtﬁat’qn effective embargo on microcircuit
fabrication equipment jand materials to the USSR and Eastern
Europe wculd have agpowerfullimo ct by slowing Soviet progress
injsemiconduq;or.tephﬁology. SR .
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‘Wafer Prcparation -
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| . 1 ; i , .:
USSR has the basic know-how to perfora all the major

pfocossing,sﬁeps of wafer preparatinn from crystzl growth through

inspection. Most of the equipment for these processes is believed’
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£He'three basic substrate materials for micro-

circuits--silicon,| sapphire, and gallium compounds--the USSR

117 hag. only: silicon"in|/full production, . Gallium compounds are
' produced in’small guantities.| Sappﬁixagis:in an, advanced

. e IRl

. . ~developmen | X i
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roducéé'befween loofénd 200 tons

R R R
USSR ‘currently :

9. Th

- §ef yearfofjpglysidicon (we qssume:that‘Soviet polysilicon is
produced: from trichlorosilane or silane as is commonly done in

the West).' This quantity apparently is insufficient to meet

'domestic requirements as the USSR purchases an additional 100

metric tons-of polysilicon per year i from Westexn suppliers.*

‘Soviet officials have indicated that large forelgn purchases

of polysilicon will'be required through at least 1982.

ey Monosilicon |

B i
|
|

! ‘ | i

. 8.' The Soviete produce monocrystalline silicon based on
both Czochralski and Float-zone techniques, using mostly
Western-made [furnaces. Soviet-made furnaces are obsolete, and
there does, not appear to be a strong effort to develop higher

,capacity,’orimore%automated versions. The Soviets have under

development ribbon silicon, or a square ingot growth process

i

R EIRN A R | . : : O : . o :
i 9,  since 1973, the Soviets have purchased ‘a.large number

of furnaces:| zbout!60 Czochralski models, and at least 30
Float-zone models 'based on information currently available.

' In addition,ithe USSR continues to purchase increasingly larger

quantitiesﬁbf;singlekcrystalisilicon‘ingot and wafers; in 1979,
purchases of silicon ingot exceeded |10 metric tons, and wafer

' _.purchases probably exceeded 2.5 million units. dost of the
i silicon wafers are in the ;2}" to 3" !diameter sizes. It scems

:.,3likely‘thatratﬂleastghalffof;Sovietiannual output of micro-

" circuits is] .

i

is based ion ‘imported silicon. [
O S 1“":{:,5‘ ) -
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,A.;F In the late 1970s. the USSR was seeking to purchase a turnkey
’,{plant_infthg}Westgwith;anfanmual-capacity of 400 metric tons of
- 'polysilicon per year.' ‘It is not known if a supplier was fouad,
.or if a dealiwas made. S T L S R e '
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" to' chemicalipolishing, a switch apprently that has been!
,_igacilitqgeqﬂb‘ t i

. 250,000 unitsjavailable for export. | |

Littlerinfo 1480
ingisinglaicrystal silicon parameters (or orientation)
rchases of Western equipment to perform these !
Thel Soviets| reguested price quotes ifrom:a .

mid-1979 | for X-rayidrystallography equi'ment,f

ﬁkdbwhﬁybé;herjahy actual 'sales were made. i In
icing drea,’ the Soviets lare known to have pur-.
2cent. years up(to 155 slicers of various types, and
sllof| replacement saws. ] SRS I bl

TN L R e ! BN
apping:and:polishing, the Soviets produce some’ -
{ d purchase! some from Western firxms.' -Known Soviet .
urchases include-eight lapping machines- and 20 polishing L
;machinesifdfﬁﬁechaniCalé?olishing;oﬁﬁwafe:s."IniadditiOn, the
‘Soviets:have ipurchased 12:systems for. cleaning of wafers after
“lap-and polish steps.i: Recently,' the 5oviets began to switch

T

equipment ;. and

he| purchase of:Westdrnﬁequipment;Et:i]{_
i R PR SRR AR IR RTINS O BRI Co N

Only three countries in Eastern Europe produce silicon

(i )

ERN

S 120

‘f infsignifican;»quaptities:?_Ehst’Germany, Poland and Czecholsovakia.
' " 'Fast Germany hLopesi to raise production capacity from the current -

leval of about 20 metric tons of polysilicor per year to 50 tons
by 1983, -and ;100 tons by 1985, and to become a net exporter in

' the process. jThe EastGermans recently claimed that they would

accept orders:for 75mm: diameter wafers in 1980 with up to

.+ 13, Czechoslovakia now produces 20-23 metric tcns of poly-
silicon per year  and'plans to saise production to 28 tons in
the near future. ' Poland hes.a capacity of 15 tons per year,
represented by a polysilicon production plant acquired from

Ji

. West Germany.:) Total production of polysilicon in Eastern Europe

|
§

at best does hot exceed 60 tons per yecar. As with the USSR,

*_ East European|production is largely based on Western equipment

for all stages of wafer preparation. [ |
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. 14, Soviet bip integrated circuit (IC) production and
recent samples! of Soviet ECL devices employing a patterned
‘buried layer prior|to epi’ growth demonstrate the Soviets'good
understandingiand control of epi processes. However, very
little is known about Soviet epi process equipment of recent

et
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! i Egitaﬂfi

BTN

E vintage., In the early 1970s,Soviet epi equipment was described
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i the . "Volga", was

t‘fghegUNEs-zPK~Aﬁis now known. i

B e R DTN | £ S SR I S i
N .i;};S.grTherq;bas,lgen{ve
| of Western epi equiprent. 1/ Most of ;the iequipment: identified

' have, been MBE sustems' and TII-V rzactors. In only one case, in

B K
FR f’: 3 ' . ! ! . o H P : . i ! v :
as very poor and was frequently down for repairs. ' One model,

[ -
“considered vasafe for operators and was known

on occasion to/catchifire. B In 1978, the Soviets published a

I technical brochure:on a dual reactor’ system, the UNES-2PK-A,

used for both: ligquid and gaseous dopant sources. Safety was an

1} important cohsiﬁéraqibngingdesiQn,andiiG includes special safety
- features notfd£SCussedifbr‘earlier models; The ava;lability of

B ¥ - . o

oy . .

ry little ‘evidence of Soviet purchases

early 1979, hasg |a known purchase specified a silicon epi system.
EN N HE. S ; i ; Y P . .
T AT A U R

L i AT 141 R o . P :
£006., ;IngthéiUSSRG;the;IC production process is:divided

: if;amdﬁg;differenﬁﬁplankﬁpites.i One or -more plants specialize in
|':l the process from ingot slice through epi.: This division of labor
| permits a fuller utilization of limited amounts of available

‘equipment, and ‘allows'each facility to concentrate on a narrow

'part of the total production process. | Although this approach has
. " worked for ICs up to, MSI complexity, it is not very workable with
+ LSI parts and will require. considerable expansion of existing epi

1

| 'capacity as the| product~mix shifts increasingly to more advanced
“:microcircuitsy b - P

5 !';'*

" 17.  othertrends which will probably result in increascd

3jﬁSoViet need for!additional and more advanced epi systems are
|' . the use of epi layers for MOS deviceS‘gnd the recent Soviet
. 'development of:both schottky T2L and I“L

3 4 technologies.. Finally, .
‘as the Soviets switch increasingly to patterned buried' layer
diffusion prior to'epi, the separution of the epi process from
ess/steps at different physical locations will

subsequent proc

. . become increasingly more difficult because of tighter design ,
‘rules and process cohtrol requirements. . This also will Tijeratg

L a need for morejepi equipment at individual facilities,
S LR S i R T I N T O B R B
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.17 This may bQIexPléinéa}_ihgPakt,aby:SﬁBStanfialASoviéttéu:chases
. .ofisilicon wafers with an epi layer. However, this is not fully
. confirmable { -— - - . .
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%the¢West?$5hdhfopnd?thatinone;‘f;thefequipment‘would.bei

.. radiant heated,

3 X - R R ¥ H -

none’ of the Eaat ‘Europcan '

10Wn'; £ e: . ystems. . Most are believed

_ ﬁiﬁ?houseﬁsyséeméﬁ{Orgpprchaseéforeign;ﬁi}i_ :

Eaa%scagmanygdevalopedgitsﬁﬁirat epi system: in
cd%}ﬂ?OthaYdlaﬂmcdfavnilpbility;q£4op;yayatoma:

to .bujld-
oquipment
1966, and. 10 i »
for expor: Inutheﬁ’1d-1Q703;k&:Westeranirm~rdviowcd;zaat ,
,German;SQmicdnductorﬁproductiongequipment*for’stsible;sa1e~in

! i

e Lo 1

marketable:/in

‘ ,ﬁthejwést. ' It is not known if the list of i equin-
ment included

Eepijsystems;vaIthdughtat-least two models, the .

L

.EA 1 and EA&Z;JWefé{availablevat the time. A more advanced

;{East.Ge:maﬁ?qpi@s?ﬂtam:deSigﬁatéd‘the HEA 33/1 =~ 33/2 is nov
. avallable.i
- UNES-2PK-A,! a | A
‘*;complete”bomﬂayisdntijeithef model is described as heing a

thsimOdeIZappea:s_verylsimilar to the Sov.iet
although itechnlcal data are insufficient for a

i

‘rotating barrel reactor. =

}
oo
' i

SR

A e WL e e T
19.K?Tha§Soviqt6;will nded advanced cpi recactor systems

for future -advances|in both bipolar: and MOS technclogy. Current

Soviet and Fast German epi reactors, which are adequate for
conventional lepi: growth of silicon on silicon substrates, will
not suffice. | Even if newer models oi Soviet and East Germany
equipment are sufficiently advanced to support future
deve..opments=-and that is a big question mark--it is doubtful
that enough epi reactors can be produced to supply total Soviet
and East Cerman needs. The possibility !s strong that the USSR
will attempt ito pqrbhase,advanced epi reactors covertly from
the West. dooh e L

}“yﬁﬁwilijhj; . Oxidation' %

R I I ! ! oo ‘ ;

20. Conventional oxidation processes (atmosphere up to
105 pPascals) |are believed to be common proctice ia Soviet
microcircuit |fabrication. | The Soviets use their own diffusion
furnaces (resistively-heated) as well as foreign furnaces for
oxidation.  Iiittle is known about Scviet use of ‘high=-pressurc
(106 Pascals) processes, or about the availability of domestically-

' made equipment for Bwch processes. .Probably , such prncessas are

not in use, ||It was recently learned that the Soviets have re-
quested priceland |delivery information on a Western high pressurc

oxidation ay$tom4wahd‘ma??purchaae three cowypletc systeoms.

5,~_Sinco-thoﬁimﬁbrtaAQGAQf high ipressure oxidation 'us only now
. becoming widoly;knowngandiunqerstood at the industrial level
" 'within the:USSR, itliis likely that efforts to acquire equipment

for theée_prdceqséséwillﬂincreaae over the next several years.
MRS TER N TR RSN R ot S = ot .
RS et : B! "yl | - o R . :
:i"' SRR . i Pty

E v I B b

I AR B

' o ! A ..,f . ‘ b

; j " S e

H H H P :

! g é f 3 E

| 1 o

| | i 3 R




’finhSoviet mid
-in'. r-ircuitif‘.co-nplex:l.ty has been dependeat, crucially, on Soviet-aogilisition
‘ofi{ Westernim aekmaking equipment., For example, t he first Soviet
“LSIKdevices‘were p%oduced only after the Soviets! successfully

21. There’is o evidence that any of the Eastern European

:countriesehave developed ox have purchased higr prcssure

o i R o 5
:Lr| I S R ]
AR E T Y EREE |

ol !
f Maskmaking !

. E i '
~maki,g equipment and' technology are major weakness
roelectronics’technology ‘To date,'Soviet proaress

acquired! Weetern photorepeaters. The Soviets have attempted,.

gurgently, toldopy Wéstern mnskmaking equipment, but no copy has
hyet successfumly duplicated tpe lel performance capabilities

d Gy [

. .assigned East“Germeny major responsibility for development and
- production: of]advanced maskmaking equipment, probably becausec
i East Germanyiis making faster progress in this area than the
W_LUSQR “p
SN '*l:A"' PRI
) 24;p East Germany claims to have developed two types of
j :equipment which’ represent. advanced state-of-the-art in mask-

; making--a wafer stepper, l/ and an E-beam mask genernto:.. The
. E-beam generator, designated the 2BA-10 (built by Zeiss 'Jena),
' 48 a variable: shaped beam system for generating mask reticles,
- “with line widkhs!down: to:0.2 um at accuracy levels of +0.05 um.
- Eventually, | tha ZBA-10 is to be modified for direct wafer
. exposure. :The ZBA=10:is intended for use vith a new Last
.. Germany photokepeater, the| UER. 2/ The UER can be equipped
. .. .with three:lenses with reduction’ ratios of 1:5, 1:10, or 1: 15.
C 0 Maximum die|81zelis given:-as 10 mm x 10 mm,_and maximum mask
... size as 125”mm %125 mm. | Minimum feature size claimed (using
&;the l: 1: lens 'is l pm with reprnducible eccuracy of +0. l pm,

y,J i . ) ,‘,

;;25.; Ther 5aeems little reason %o doubt that East Germany

i1 has; developed|an E-bewa system. ; In this area, as in the area

-, of data- processinglcomputers, East ‘Germany may have acquired

. valuable  technology from West German engineers. _We cannot
“econflrm;: howover, that the' 2BA-10 actually’ rneets the specifications

claimed for: it, or if it operates reliably. Further, communist
countries tynically,advertise a product after an initial proto-

E~,type iswbnilt_giving a|lalse impression of ava lability. And

'_:v-1 o1 .
o SRS f NI L
T SR n | o g

1/}Covered under lithogrnphy.i See p. 8 below."
Z/.The Eastﬂcermans claim to have introduced this model in 1977.
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' from equi mer

type:andgfnctory product;on in

. 18 .measured in .years. ; In short,

:1nims cf ‘the development of an E~beam system

|'ag. prima facie: .evidence of:a producticn

'ndeed.%recently acquired samples of | East: German

E*::'x:e:m':esem:iﬂg ‘eurrent!East German. state-of—the—art,

are of a 1evel of;c:mplexity far below what would be cxpected
fwi“h'tqe capabilities claimed by East Germany .

: Lo g !

L e/l nd otner East European communist countries

continuer o;éeek Western-made maskmaking equipment. Since .374,

the USSR haslacquired'such equipment in significant quantities

(i»

" as 'shown in the tabulation below. ‘Actual delivaries could be

larger than shown since our lnformation is rot complete. E:[:::::]

3 -ﬁ“LQuantity=Acquired

L i . {units)
| ﬁfPatcern complier o L 10
.. . Pattern generator wol .9
j + Digital Plotter _— ‘11
- §‘1' - Photorepeater = ol .9
B j;‘;“ C ntact printer IRV 9

: 27 More recently, the Sov1ets have shown | lntense
interest in acqulring Western E-beam systems; none ave known
- to have been| acquired. A |growing number of suppliers, however,
- increases thé .chances that the Soviets eventually will success-
fully acquire a sttern ETbeam system.

]:!,’:i', . : |

l"28. - Thi *Soviets ‘have acquired maskmaklng equlpment and
‘materials aléo, iﬂcluding mask ‘comparators, master reticle
" instrumens and mask blanks. The latter have been purchased
~in large’ quaﬂtitiésv 1In 1979, for example, a single purchase
was for : .Oq OOO*ultra;flat, high resolnt‘ow mask blanks for

Lithograghx : '}

' $""M29; thogr3PhY consitutes one of the weakest aspects of

Soviet microcircuit: technology. - Despite claims to the contrary,
ﬁSoviet mask-aligners are not comparable with Western counterparts,




" fabricat
. processes.:|The USSR has shown a strong preference for Western
Litl - - . mask alignirs. Since 1973, the USSR has purchased more! than
‘?,‘pﬁiq;QOﬂWesterni :

;"’ projectionii ¢s--and continues to seek new Western models.

SrypesTmand
ijiThg-SovietgygLso§§r9;trying to acquire wafer steppers. ﬂ

s

e' Myt 8 .
ed!using

B

| L |

i Tl _:l, . . ‘ "
TR Lo -

sl o 4 j H - T

50| hade in East Germany, Lf East German claims
The Jena Optical Works claims two projection
éﬁduurymrsopandVJLB-PM-BO)‘dasiqhed to handle

';fl'.h
fyom' 50mm| to (75mm with minimum line widths of from

[liThe! Jenz plantfalso claims to have /developed a

Hi(des dngtedjthe‘NPURYiwhichjpfovides?minimum line .

}mitbi3§pmidper;imAge;field sizes from fmm x 6mm
it/ is said to be capable of handl#ng}wafe:s up

vidence Gasts doubt on the East Carman
'samples|:of East German MOS ICs acquired

o ex : v ! ’ : .
1ng1979ﬁiﬁ&éé;gd{ndnimumé1ine,widths_pf.Z pm and. generally A
Ia,kedgtheﬁtightﬂgﬁdﬁetrieb.thaﬁjaré well within the' capabilities
of the lith"kapbyyequipméht?de&cribéd,above;= Moreover, the . =
BEast Germans; Htx '

*yéregﬁrying}ﬁo.acquire;an}older model Western
cently |

Mol

o

i 4 I
; : ;

Pl

snipYeHvos Soviet MOS ICs made in 1978 reflected
widths, *It is believed that thesc dovices wele
‘Western equipment for the key fabrication

hdsk'aligners¥%including contact, proximity,and

§ 1ate¢¥978 in jorder to copy |its. design.’ [ ]
PR B PR R o ,¢‘in . : o

A TS TR SRR U AR R : : , :
ot 32J-;Inﬂadditibn;to nask. aligners, the USSR has purchased

s

33.

lphotoresistsqinZIArge;quantities. Soviet-made photoresists

. are of low iquality.! Western photoresists play a very important
. role in Soviet mi : .

qr?ctrcuit production. [ ] Dl
SN ST T I . o R
Sl 1| Etching .

f
T l4 l . I

P : .

ANt | i
Vi ! X bl i H : s - .
RThéyUSSRWlags behind the West in »recision etching

‘technology and equipment.! Since 1969, and continuing into the

present, thelUSSR%has;purchaSed etching equipment valued in

the millions;bf dollars for a variety of applications including
shadow masks) printed circuit boards, and microcircuits. The :

' soviets have|purchased at|leastil5 complete wet etch processing
o 11nes:since'1975.§¢These;purchases.have included a full range

ofjphotoresist.‘water; and etch equipment including; spinners,

 developers, ovens) scrukbers, D.I. water plumbing and filtering
. systems, and| automatic transporters. More recently, the Sovicts

have purchased advanced dry etch equipment--plasma etchers and
jon milling equipment. It is believed that most Soviet advancgq

microcircuits are| fabricated on Western equipment.
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"'In||1979, ithd USSR published

R

34, sketchv information on

- ‘é;plaSma étchét‘OffthéirﬁOwn;dcsign; which is not believed to

. ' announcement

beiinzp:oddbtibn:!ﬁyiﬁtually1a11fofapla8ma ctchers that the

Soviets have/acquired have been purchased since [that 1979
ouncement e T R T ST A SR I '
3T O T EO T £ N T i

P Cln ‘;‘ RTINS i lie

S 13 ‘Norle 'of | the East European countries are' known to
have developdd any dry etch equipment ‘for microcircuit
fabribation}ybr aﬁY{e&ching'equipment,fo; advanced circuits.
Eést»Germaﬁyﬁprodu¢es}wetietch equipment for printed circuit

board production,|and Bulgaria has recently announced new

dévelbpments{in;p&intéd circuit board fabricati?niequipment.
Cig Lol ':','=v;.=. al | v : S . !
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'bsiigP:gbablygmhé USSR and East Durcpoan countries will

~continue tofééek;toﬂpﬁrchase;precision?etching equipment from

o .
Ll PEPEE

ot 1 o " B
KT £ oot

Western suppliersl i Such’ purchases will assume increasing
-importaﬁceﬁaéﬁthefCommunist.countries-attempt t6 bring micro-

"f"-cixcuit%deSiérsidovp;to_t?e 5 pm IQVg;.‘[:] i”

AR Ll' o e ‘: . L
LT ' Diffusion/Ion Implantation . i

[
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R ISR R R o P ,
. THQ%USSB}produces both diffusion furnaces and ion
implanters; for semiconductor fabrication. . Recent model

; Q,j{diffusioﬂ;fd;n&éesjare multitube systems with some form of

‘;camputer-coﬁﬁrol.!TIn‘addition,'the Soviets have ;developed.

at least © euypée}jipn implanter for industry usc. ({]

i.:'

: e i 1, [ b o R
38L7¥A1though;80vieé diffusion furnaces have improved

ﬁsignifidantl&rOVQrﬁthe p&st;five years, with stress on large

il

:_1w1delygavg;# ble.l:

T T B R A B
| the early 1970s ‘ 3
,ffeatures;nhdesirable“forﬂaemiconductor,fabrication.y By the :

. few semiconductor plants. According |

| diameter tubes, longer work izones, 'and better control of

- temperature’in thekworkfzone,jtheyiarejless advanced than

| Wostern models. K In particular, Western models maintain a
 high level| of computer chtroljof.individual furnacc tubes

‘with monitbgingﬁqfﬂkey performance parametcrs and built-in

“;dlagndafid{capabtlities;i Cqmputerecontrolled diffusion

Afurnacep,pr&ﬁrelétivelyldew1inéthu§USSR>and-prbbqbly are not

: Pay il H 3
BRI R B RS SR N

i 1IN
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[ e o ol
qmea;animplante:alwere’availabla in the USSR in
9708, 'but' these were laboratory models with

C394

‘4*fmid-l97bsﬁkhe7fir5t’indh§trialTmodels,were delivered to a

. i ion=implanters had two major problems as of mid=IY77t TOLL

i
i
[
i
:

. ment. The ¢

leakage from' the forepump and iron release from the implantcs
during 1mp1§ntation;resulting from poor design of the equip-

current status of ion-implanting equipment is not
O T B . A 7,2, - ‘ B ) . o : "
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“known." |
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ISSR.ha : extensiv. research into laser ! -

"ijOﬁs{gorﬁbémiconductorﬂfabricution;;Ehlthbugh¥ o
; mpfe;siv94;there_is{noqevidence.oﬁ;application.ga

8 yéfy”liﬁﬁle%ingq;métidh'oniSoviet'devglqpment,u
R S - AU
/purchased Wesatern

erformed: i

*he' USSR 'hat Hased We y ‘diffusinn furnaces and -
atiod equipment in substantial .quantitites.; Since. |
viets! have purchased up to! 250 diffusion furnaces
"'seve: impléﬁtersqﬂjThé:eﬁare?pnconfirmedgrgportsﬁthat§
significant numbere . 6f ion implanters are being sold| to the 5
USSR by the] . A fow ion
implanters: havail . ; n semicomuu lants.

- bk

[T P & R I S BN N

iy Ly g . : Cod .
P 4 , sermany'is the main producer of furnaces in.
'Easte ' i i

“Bast'.

: N st s:’nl‘~|‘l ER 1 1 : .
B 'V;n;Europq;dbntyi ttle is known,of'thevtechnlcalgcapabilities
!of'Germaanurna¢é8;ﬁ§AlthOugh a: few are in use in Eastern Europe,

imost: in use -appear to be Sovict-made. . Fast Europecan countries

ialso have purchased Western furnaces. - Ion implanters are not

iknown| to be produced|in Eastern Europe. f ;

! i . .
o b 1 ' .
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: I . {J,ggwp hin Film Deposition
: H "'143." THe USSR has been using thin film deposition techniqgues
f "\ for . many years,|starting with thin f£ilm hybrid circuits in the

'l early’ 1960s.::The USSR uses. two.basic deposition techniques--

i

;,?ff_,ijgevaporationiand§gputtqring. ' The Soviets arc less advanced in
11 1" chemical vapor deposition (CVD)| and little is known about Soviet
" equipmant fariCVD, or 'the more recent LPCVD. In Eastern Europe,

Ty

? 11 1 only East Germany has;demonstrated advanced technology in thin
o ww;film:deposition!tecthlogy.é[:Jj - Lo
IR R B A o S S R PR | L E U I - L
SR A ‘|44£,isdvieﬁ-madéﬂequipmént:for thin film deposition is
SURIEN ;thought}tozbe%ldss'aavanced.than Western deposition technnlogy.
; ;However;frecent[info%mation on Soviet equipment is not avail-

ablei|: In the'ekrly 1970s, poor Soviet vacuum pumps ‘are known
to have ‘caused & considerable number of problems in hybrid
circuit pr dubtﬂon”faGilities.'iEvaporators with ratod pressures

- - lof Lix lOTHJTbQQpcould;not be used beyond: 1l Xx 10~3 Torr, and
doa b ;Hcontaminationydue;toﬁback flow of oil was a constant problem.
; ; _LIt:iafndt*knoWd’if?nEw;models of evaporators and sputtering

5 ”equipmgqt~have§uVexcbme;’ll of the deficiences of earlier
models. . e i R ST A
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"“'kno
_;:-Soviet-CVDﬁwK&k“isﬁﬁdne.in modified diffusion furnaces. Soviet
it .suited for
i for diffrsich furnace -odifications for CVD. ' In the next few
ﬂyears,tﬁé}ﬁd&iefs!ﬁay?éteb,upIeffdrtsftc,acquire'CVD.and LPCVD
;@equipmeﬂtﬁésWSoviéﬁ&produbtion shifts increasingly to MOS and
.~ 'more advanceéd bipolar technologies. :It is believed  that the
‘:!USSR is inow engagéd in development of CVD technological

in use Js:dfﬂwes

- volume prqqu?pipn
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Vi €45:f:Thé;UéSRphég‘phicﬁgéed Western evaporation and

. models weré?‘”idrtarbé>ayailablq.¢;There have been reports
,;3thatf1arqeﬂQhantitibs'gf;évaporatdrs‘and sputtering systems
ﬁvhaVe”béenﬁéoﬁhWth£ng$out Fastern Europe and the (USSR

"spﬁtteriﬁéﬁeg@ipméﬂtufor}many yeats even when improved Soviet

We can ‘confirm that a few ivems
mént ‘which date;back: to the early 1970s
thegﬂ?SRef[:]ji;%i¥:ﬁ_'g o L

4
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r"ngﬁévo_équipment;ﬂonly.one WeStgrn modal. is
eepipurchasedgby“the,USSR.‘ Probably most

I 1
aptagem o

‘ 46. I::e n
wn:to have: b

i i B

jpurchasesjéﬁthtréﬁiﬁe;graphite;forms,ﬁsaid to be ideally

gs;libohﬁwaferiproéeSSingbgmay lave been intended

Eprocesses;ﬂbgththe‘applicétion_of.these processes to large
scale industrial production is not imminent. !

!

Bt ‘47, Test, process control, and analytical instrumentation
1 . RSN O S oig ! Lo o .y .
,ﬁequlpmentﬁamnucrOCchult;fabxlcatlon represent critical

'weaknesses |in Soviet ‘and Eastern European technology. - The

'uiUSSR; EastﬁCérméﬂY,kHungéty,%Poland,and Czechoslovakia claim.

.}progress[fn“

”‘éeVlepipg‘adVanéédﬁmic;ocircuit test equipment,
‘but their’claims: are highly suspect.i :Automatic test equip-

+'ment (ATE)" fér microcircuit production is high on the shopping

tern manufacture. »

|lists of ‘all|CEMA countries, and most .0f the microcircuit ATE

T RO T s PP S N o .
. “'Since (1973, the USSR has purchased at least 26 ATE

48

systems capable of testing LSI devices. :Purchasaes have
 included probe testers and multiple test stations; providing

.. high volume test capacity. As microcircuit technology -advances,
“-the USSR will:probab

1

, Co e -
w49, - Soviet and European- capabilities .in process
control '‘and ‘analytical instrumentation are poorly! developed.
A major problem has been the'consistent failure iof CEMA
industries :to! get advanced instruments out of the, laboratory

need more advanced Western ATE to achieve

bt

~and into production. : It seems that many advanced, types of
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-e;developed at scientific ‘acillties, ‘but few .
are'eyergmanufactured for, industrial uses. Aas a result,

use:s“arefforced“to builuithe~r own’ 1nstrumenfs, or" rely on
Western models. Moreover; in-house models vary . from plant :
HErel plant A ievels ‘of ‘accuracy. . Repeated Soviet ‘efforts to . - i
Mvcorrcct this situation have been unavailing, leading to
, ’ ! m Weétern suppliers.ﬁ[::]‘ ‘

l

i : « LA e: s known about Sov1et capabllltles for .
‘“i} specialicategorxes of;package testinq--oackage leak, centri- 1

e 1. fuges,: vibration, temperature cycling,{wxre-bond pull X-ray

aE .‘g ~ die attach.and radiation, sources. . Fragmentary information

BEB I suggestb *hat Soviets ‘continue to use very primitive methods

’ i for these ; types of! tests.. It is apparent from analysis of

- many Soviet élrcuits over | the years. that very few package

tests are,ae%formed on Soviet dev1ces.:[::::] w

v “;;The USSR 'is known to have purchased Western leak
testers, centt1fuges,;v;bratlon test equipment, and x-ray die
: attach equlpment,!but quantities are unknown. Most of these
. . test cmxupments are espec1ally important to high reliapnility :
i 1 parts lntend?d for mllltary/space appllcatlons.- :
i : b 52, All!cacégories Of test equipment are lxkely to

! remain a seriouq deficiency in Soviet and East European

} ' microcircuit prodﬁctlon in the 1980s. Western equipment can
I}

1

be expected to become ! 1ncre351ngly important to: the USSR as
mrcrocxrcuxté become more complex. :

Il e
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m hf{ ; Assemblz_1,
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' 53 Automated asscmbly of mlcrocircu1ts is not as _
R advanced in the UQSR,and Eastern Europe as in the West. o

ol ) ~-Although the USSR |and East Germany advertise equlpment for ‘

MR f;?‘ ‘all stages oflmicrocircuit assembly, none of it is nqual to

A e Western models. | bl ! .

! 1"

AR

. ' |
' t R . ‘

RIETIE " Re ent samples of Soviet 4K and 16K PAMs, although
‘rcarefully‘selected to impress Western experts, reveal some
i - ‘specific weakneﬂses in assembly technology. In addition to
A0 major problems related tolthe use of outdated packages and
‘ poorly plated lead framea, one assembly weakness was in. the
~'die attach: ’wThe Soviet 4K RAM used a conventional Au-Si.
preform metbod. ‘which showed a very porous die attach with
--about 50 percent voxding.l However, in die scribing, wire

A bonding”‘and,other?assembly areas. both the 4K and 16K RAMS
"j: S : RN @ ; . - .




Hyer rated as very 'WJ'l_VOther recent samples of Sov1et;‘

l I

‘%microc1rcuits have’tended to show :overall improvement in:

' mostiistages. ofrassembly;; Much ‘of ;this : improvement is believed
i to' be ‘the d rect-result of Soviet acquisitions of Westernr ‘
xequipment-w - P R R S K iy

I”‘ I"i k . ,,"A.x‘. |‘. : 1}- N vl.
:,'-' 55.'?The!bSSR has acquired significant quantities of‘” ‘
‘Western ! assembly equipment since the. early '1970s, includiag a
‘complete assemhly 1ine’ forxmicroc1rcuit devices, believedito
‘have been:installed in: thellate 19705, | In addition,: the Soviets
;have acquired|'mbstantial humbers of; dic1ng machines, 'die bonders,
‘wire bonders,1 nad hermet1CQsealing units since 1977. - These -
‘purchases havewhncluded both laser and 'saw scribers; ‘automatic
_'-and manual; die ponders, ‘a full irange of wire bonders from!:
'manual’ to: automatic*types, andra few beam’ 1tad baﬁbrs.-

urrently haVing great difficulty 1n ‘
obtaining a: good hermetic seal on '‘ceramic: packages. Other
- Soviet packaging problems are only now becoming evident as
the USSR moves' closer to full scale LSI production. These
‘problems are. expected to increase as the USSR shifts more of
its product mix. to LSI. Microcircuit packaging, in: general
_'does. not appear to have been given sufficient emphasis in the
'USSR. Relatively easy access to Western assembly equ1pment
may have caused ' the ‘Soviets to neglect this area of . develop-
ment.” Unless the USSR continues to enjoy this easy ' ‘access to
_ Western assembly technology, serious bottlenecxs in Soviet
""" LSI and.VLSI. production may develop over the next several
years. ﬂ r; s , :
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i%_; : Facilities :
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- 57. Moderhplant faCilities speCially deSigned for _
" microcircuit fabrication! have only recently become commom in
~ the USSR. Until the early to mid-1970s, most production was
;in old industrial plants; converted into semiconductor
facilities. Mahy of these converted facilities proved wholly
- inadequate for[semiconductor fabrication, because of their
poor environmental controls and their locations near sources
of excessive air and: water pollution.. As recently as 1973,very
few Soviet planFs had effective water purification systems,
and clean areas ‘'of class 10,000 or better were rare. A major
expansion of microcircuit production facilities began after
1970 and by 1979 Sixteen modern plants were at or near completion.
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“particular?mLFrocitcuits or processes.
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Ten of these facilities were completed after 1975 and probably

H r

‘ conform much more: closely to Western standards for micro-

cirbuitffabri?hﬁibhﬂfaéilities.
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58.}“The|USSRfls known. to have obtained from Western

.".i

' sources blueprints| for organization of production and layout

of equipment ﬁor-midrocircuit'fabrication facilities. There
is insufficient information about these transactions to judge
how efficiently production; flow and equipment in current Soviet

mi;;ocircuiy.ggc;1§gies isio:ganized. {:::::]

© 59, Eastern ﬁdrope’shared many of the early Soviet
problems in séemiconductor fabrication facilities. However, as
with the_USSRM most of the Eastern European countries now have
newer facilities better suited to production of microcircuits.

‘Since severalof these countries have received assistance from

Western firmg), many prior deficiencies have probably been
corrected. ‘ Lo | o ;

!
i {
I i
1

I i : ' .
60, Thé!USSR and Eastern Europcan countrics arce now

probably fully aware of the importance of strict adherance to
closely controlled environmental conditions in microcircuit
fabrication facilities. However, there is insufficient in-
formation to tonclude that all plants maintain their facilities
as required|for high quality, high yield microcircuit productioan.
Indeed, available information on yield rates for certain types
of microcircuits suggests that very few plants do so. It is
possible that/ the situation is better in plants where Western
firms have provided complete facilities and training for
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